Japanese encephalitis virus (JEV) comes under the family Flaviviridae and genus flavivirus. 23 It predominantly infects the children under the age of 10 years and the case fatality rate can 24 stretch out as high as 30%. Pigs act as reservoir and amplifying intermediate host for JEV.
Introduction 68
Flaviviruses are important human and animal pathogens with worldwide distribution. 69 Japanese encephalitis virus (JEV), belonging to this family particularly affects the children 70 below 10 years and the mortality rate can be upto 30% [1] and about 30%-50% of survivors 71 develop permanent neurologic disorder or psychiatric sequelae [2] . JEV is a single stranded 72 RNA virus with a genome length of approximately 11kb. The genome is divided into a 73 structural region containing capsid (C), pre-membrane (prM) and envelope (E) genes and a 74 non-structural region consisting of NS1, NS2a, NS2b, NS3, NS4a, NS4b and NS5 genes [3] . 75 The NS3 and NS5 genes encode for viral helicase and polymerase enzymes respectively 76 whereas the functions of NS4a and NS4b are not clearly understood [4] . Culex 77 tritaeniorhyncus is the dominant transmitting vector [5] whereas other species of mosquitoes 78 namely Culex modestus [6] , Culex pipiens [7] , Culex bitaeniorhyncus [7] and Anopheles 79 sinensis [8] have also been reported. In nature, JEV maintains its life cycle between vectors 80 and reservoir hosts such as pigs, wading birds and bats [2] from where the virus is transmitted 81 to the dead end hosts such as humans and horses which do not develop high viremia to infect 82 mosquito hosts [9, 10] . Similarly, JEV infection to pregnant sows leads to reproductive 83 failures such as abortions and stillbirths [11] . In South East Asia, JEV transmission is mainly 84 associated with the onset of rainy season but it can occur throughout the year in tropical 85 regions [4] . 86 The JEV strains have been characterized genetically depending upon the limited sequencing 87 of C/prM, E and NS5/3′ UTR regions, while based on their evolutionary divergence JEV 88 genotypes are further categorized into GI (GI-a and GI-b), GII, GIII, GIV and GV [12, 13] . A 89 single serotype exists for all the JEV genotypes [14] . The Nakayama and Beijing-1 prototype 90 strains and all other strains isolated from pigs and mosquitoes before 1994 belong to GIII pigs occurring through mosquitoes [26] . Recent reports indicates the vector free transmission 117 of JEV through the oronasal secretion of infected pigs to naive pigs [25] .
118
There are several reports regarding the mosquito studies in the JE endemic regions of India, 119 however studies on reservoir hosts is limited [19] . As investigating the JEV persistence in the 120 pig population is of utmost importance to take the necessary precautionary measures before 121 the onset of fatal situation, this investigation was conducted to study the molecular in the abattoir as a part of the routine process after obtaining necessary consent for the same.
131
The serum was separated from the blood sample by centrifugation at 5000 rpm for 5 mins at The viral RNA was extracted from serum samples as referred by Desingu et al, 2016 [19] .
141
For this, 140μl of swine serum was used and extraction was done, using viral RNA isolation 142 kit (QIAmp Viral RNA Mini Kit Qiagen, Germany) according to the manufacturer's protocol.
143
The viral RNA was quantified and cDNA was prepared with random hexamers using 1μg of 144 viral RNA by Superscript III first strand cDNA synthesis kit (Invitrogen, USA). This was 145 followed by a PCR reaction using Taq DNA polymerase (Thermoscientific, USA) with initial The serum samples were also subjected to indirect ELISA to detect the presence of IgG respective States (Fig 2A and 2B) . On the other hand, 15 out of 400 (3.75%) of IgM and 40 195 out of 402 (9.9%) of IgG positive cases were reported from Assam and Odisha respectively. As per the district-wise distribution for all the three states, the overall prevalence of JEV for 202 serum samples was found to be 1.49% in Malkangiri, 25.45% in Imphal West, whereas 203 3.33% in Jorhat, 5.71% in Lakhimpur, 4.00% in Dhemaji and 1.67% in Kamrup (S1A Table) .
204
Besides this, percentage of positivity for tonsils tissues by RT-PCR were found to be 3.7% in 205 Malkangiri, 8.23% in Imphal West, 35.89% in Imphal East, 3.4% in Kakching and 100% in 206 Bishnupur (S1B Table) . However, district wise distribution was not available for Assam Assam (S1B Table) . The number of JEV positive cases detected in pig serum in the above mentioned states was 211 found to be 5.21%, 1.67% and 77.7% respectively for the age group 3-7 months, whereas 212 above 7 months, it was found to be 0%, 6.88% and 15.2%, respectively in Odisha, Assam and 213 Manipur (Fig 3A and 3B) . However, for tonsil samples from Manipur 11.12% (3 out of 27) 214 was found to be positive under age group 3-7 months, whereas 9.95% (22 out of 221) was In the present study, a total of 61 samples including serum and tonsil were found to be 229 positive by RT-PCR. The PCR products which were found positive were confirmed by 230 sequencing. Out of 61 positive samples 36 sequences were submitted to the GenBank. All the 231 strains bearing GenBank accession numbers are listed in Table S2 .
232
The genotype I and III strains were found to be circulating among the pigs of the three states 233 under study, of which, genotype III was found to be the predominant one. The genotype III 234 strains (n=60) were found in all the three States whereas a single case of genotype I (n=1) 235 was reported from Malkangiri district of Odisha.
236
The phylogenetic tree was constructed with reference JEV strains of genotype I (n=19), 237 genotype II (n=2), genotype III (n=6), genotype IV (n=2) and genotype V (n=2) including the 238 strains isolated in the present study. All of the isolated strains in the present study were 239 clustered into genotype I and genotype III. The isolated strain with accession number 240 MK421340 clustered with the other GI strains reported from Vietnam, India, Korea, China,
241
Taiwan and Japan (Fig 5) . However, the rest of the strains clustered in genotype III including 242 the prototype Nakayama strain. The amino acid sequence of the translated protein coded by the E gene of the detected GI 252 strain was aligned with that of the respective prototype strain as well as to the strain isolated 253 from human in 2005 from Gorakhpur, India using the Clustal Omega tool. It was noticed that 254 the JEV GI strain isolated from Odisha was approximately 99% identical with a single 255 mutation (S118N) observed within the amino acid region of 1-156 of the E gene (S3A Table   256 and S1A Fig). Similarly, after the alignment of GIII E amino acid sequences with the 257 prototype strain, it was observed that they were approximately 96-98% identical. The 258 sequence analysis showed the presence of two consistent mutations V46S and V51I in all the 259 GIII strains of the present study. Further, S83G mutation was observed in five Assam strains, 260 two mutations S64W and H76P were observed in strain with accession number MH376692, 261 whereas a single mutation E78Q was observed in Odisha strain (MK491507) and C55S 262 mutation was found in Manipur strain (MK518053) (S3B Table and Fig 6) [22, [34] [35] [36] [37] [38] [39] [40] [41] [42] , however the studies on pigs for the presence of JE virus and its genotypes 268 in circulation among pigs in India are limited [19] . Hence, the current investigation was genotype III strain was predominant in all the three states with a single case of genotype I in 276 Odisha.
277
In the present study, high sero-positivity was observed in pigs from the districts of Odisha, 
297
Here, the genotype III strain was found to be circulating predominantly among pig population 298 of the three states. This was reported earlier that genotype III is the most prevalent strain in genotype III the submitted sequences of GenBank showed highest nucleotide identity of 307 approximately 99% with Indian isolate JEV/SW/IVRI/395A/2014. As reported earlier also, 308 genetic diversity is low for the E gene at nucleotide and amino acid level [23] . The 309 mutational analysis showed a single mutation in GI strain, whereas sporadic mutations along 310 with two consistent mutations were observed for all the GIII strains.
311
In the present investigation, paired samples of serum and tonsil could not be collected due to 312 operational issues in the abattoir, which could have offered better insights into the merit of 313 testing tonsil tissue (if any) rather than serum samples for detection/quantification of JEV by 314 RT-PCR. Further, a well-designed survey for JEV infection/disease prevalence in human and 315 mosquito population during the study period would have allowed possibilities to correlate 316 JEV infection in humans and pigs in the same geographical region.
317
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